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@ Gas turbine cycle incorporating simultaneous, parallel, dual-mode heat recovery. 

@ The cycle includes water-injection, steam-injec- 
tion, recuperation (or regeneration) and waste-heat 
boiler heat recovery in an an-angement that provides 
high thermal efficiency, flexible operation in a 
cogeneration plant and favorable capital cost In rela- 
tion to thermodynamic performance when compared 
to cun-ently practiced cycles. In the present cycle, 
the sensible enthalpy of the exhaust gases between 
turbine exit and stack is used to simultaneously and 
in-parallel heat both air and water/steam. A smaller 
amount of water is boiled than in the known Cheng 
cycle, in which the exhaust heat is used only to heat 
water/steam. Thus, the latent heat exhausted at the 
stack in the present cycle is lower than that for the 
W Cheng cycle resulting in higher efficiency. 



CM 



in 

CM 



BEST AVAILABLE COPV 



CL 
lU 



Xerox Copy Centre 



European Patent 
Office 



BEST AVAIUBLE COPY 

EUROPEAN SEARCH REPORT Appii«iioi. Number 



EP 88 10 0532 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 

A 

A 
A 
A 



CitatMB of docnmeiit «jth indiealioii, where appropriate, 
of relevant passages 



EP-A-0 081 996 (MITSUBISHI GAS 
CHEMICAL CO. ) 

* Absract; page 8, lines 13-23: figure 
4 * 

DE-C- 717 711 (MARTINKA) 

* Page 1, line 38 - page 2, line 37; 
figure 1 * 

EP-A-0 207 620 (IMPERIAL CHEMICAL 
INDUSTRIES) 

*LAb. stract ;._pagfL-1.3->-l-1ne _17_- .page^l4.,- 
llne 30; figure 1 * 

DE-C- 718 197 (MARTINKA) 

* Page 2. line 85 - page 3, line 18; 
figure * 

US-A-2 678 532 (B. MILLER) 

* Column 3, lines 8-59; figure 1 * 

FR-A-2 577 990 (ELECTRICITE DE FRANCE) 

* Abstract; figure 1 * 

EP-A-0 150 990 (FLUOR CORP.) 
US-A-2 959 005 (ZABA) 
US-A-2 186 706 (MARTINKA) 



Hie present search report bas been itam up foridl daims 



Place of (carch 



THE HAGUE 



Date of oonqiletioii of the search 

30-11-1988 



Relevant 
to claim 



classificahon of the 

APPUCATION ant. a.4) 



1-17 



1-17 



1-17 



1-17 

1-17 
1 



F 01 K 
F 02 C 



21/04 
3/30 



TECHNICAL FIELDS 
SEARCHED ant. CU) 



F 01 K 

F 02 C 
F 22 B 



ERNST J.L. 



CATEGORY OF QTED DOCUM^^TS 

X : partlcalarly relevant If taken alone 

Y : partlcalarly relevant if combined with another 

document of the same categoiy 
A : tecfaoological background 
O : noD-wHtteo disclosure 
P : intetmediate docnment 



T : theory or principle underiying the invention 
E : earlier patent document, bnt published on, or 

after the filing date 
D : document cit^ in the application 
L : docomoit cited for other reasons 



& : member of the same patent family, corresponding 
document 



BEST AVAILABLE COPY 

Europiisches Patentamt 

@ European Patent Office (3) Publication number: 0 275 121 

Office europten des brevets A2 



J 



@ EUROPEAN PATENT APPLICATION 



@ Application number: 88100532.6 @ \r\t.C\^: F 01 K 21/04 

^ F 02 C 3/30 

@ Date of filing: 15i)1.88 



@ Priority: 15.01^ US 3548 

@ Date of publication of application: 
20.07.88 Bulletin 88/29 

@ Designated Contracting States : 
CH DE FR QB IT U 



@ Applicant: Ei-Ma8rl,MaherA. 
9 Clubhouse Lane 
Wayland, MA 01778 (US) 

@ Inventor: EI-IMasr1,IMaherA. 
9 Clubhouse Lane 
Wayland, MA 01778 (US) 

(§) Representative: Heldrtch,Udo, Dr.Jur^Dipl.-Phys. 
Franzlskanerstrasse 30 
D-8000M0nchen80 (DE) 



CM 

i 



@ Gas turbine cyde Incorporating simultaneous, parallel, dual-mode heat recovery. 

@ The cycle includes waternnjection, steam-injection, re- 
cuperation (or regeneration) and waste-heat boiler heat 
recovery in an arrangement that provides high thermal 
efficiency, flexible operation in a cogeneration plant and 
favorable capital cost in relation to thermodynamic performance 
when compared to currently practiced cycles. In the present 
cycle, the sensible enthalpy of the exhaust gases between 
turbine exit and stack Is used to simultaneously and in-paraliel 
heat both air and water/steam. A smaller amount of water is 
boiled than in the known Cheng cycle, in which the exhaust heat 
is used only to heat water/steam. Thus, the latent heat 
exhausted at the stack in the present cycle is lower than that for 
the Cheng cycle resulting in higher efficiency. 
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brackets to designate component nomenclature as 
indicated on Fig. la. Motive fluid, typically ambient 
air. IS compressed from state [1] to state [CD] In a 
compressor 1 The compressed air then enters 
aftercooler la where it is evaporatively cooled by 
water injection thereby reducing its temperature and 
increasing the mass flow rate of motive fluid, which 
exits the aftercooler at state [2B] and flows Into a 
low-temperature recuperator (LTR) 2 where it Is 
heated to a temperature close to the saturation 
temperature at the gas turbine combustor pressure, 
state [2C]. The motive fluid is then mixed with steam 
and the mixture flows through a high temperature 
recuperator (HTR) 3 where it is heated to state [2] 
before being conveyed to the combustor 3a. In most 
cases the combustor 3a will be a directly fired design 
as commonly used in gas turbine engines but could 
also be an indirectly fired heat exchanger. Heated 
motive fluid leaves the combustort at state [3] and 
enters a gas turbine 3b, where it is expanded to 
close-to-ambient pressure, state [4], thereby pro- 
ducin g work to drive the compress or 1 and external 
load. The hot exhaust motive fluid as state [4] is then 
conveyed to the heat recovery system where it flows 
in counterflow heat exchange relationship against 
the cooler compressed motive fluid. A damper 7 (or 
other flow control device) is used to apportion the 
flow of hot exhaust gases between two parallel paths 
in the heat recovery system. For high work conver- 
sion efficiency, damper 7 is in the position shown by 
dotted lines and all the exhaust flows through HTR 3 
where It is cooled down to state [5A]. The exhaust 
gases then pass through a boiler 6, raising steam 
while being simultaneously cooled down to state 
I5B]. They are then used to simultaneously heat in 
parallel the cool motive fluid through LTR 2 from 
state [2B] to state [2C] as well as water through a 
high] temperature economiser (HTE) 5 from state 
[wl] to state [ws], the latter being essentially at 
saturation temperature corresponding to the boiler 
presure. This simultaneous parallel heating may be 
accomplished In two physically separate heat ex- 
change devices with the hot exhaust gas being 
apportioned between them by a flow control device, 
or in a single heat exchanger which includes parallel 
but separate flow paths for the cool motive fluid and 
boiler feedwater. The exhaust gases are thus cooled 
down to state [5] and then flow counter to the 
feedwater in a low temperature economiser (LTE) 4 
where they are further cooled down to state [6] while 
heating the feedwater from state [wa] to state [wl]. 
They are then exhausted to the stack. Provision to 
partially condense the water vapor from the stack 
exhaust at state [6] in order to recycle the 
condensate may or may not be employed. 

Figs. 3a through 3d present overall performance 
maps calculated for this cycle and compared to four 
types of cycle in current practice or currently 
undergoing development. The ordinate in these 
figures is gross cycle efficiency, the percentage of 
fuel lower heating value heat-input converted to 
cycle work-output. The abcissa on these plots is the 
gross cycle specific power per unit compressor inlet 
airflow. The term "gross" In the present context 
implies work output before accounting for mechan- 
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ical friction, auxiliary power requirements or electric 
losses. The calculations for all cycles in these figures 
are based upon Identical turbomachinery compo- 
nent assumptions. The effect of turbine cooling 
5 flows upon the cycle thermodynamics has been 
computed and included for all cycles based upon 
Identical cooling technology assumptions. The set of 
common assumptions used is representive of 
current idustrial gas-turbine engines. In the calcula- 

10 tions presented, the minimum "pinch-poinf tem- 
perature difference allowed was 25** F. the mlnfi^um 
stack temperature allowed was 200** F, and the 
temperature difference between exhaust gases at 
[4] and motive fluid at [2] was 75^ F, In the 
IS calculations whose results are presented for this 
cycle in Fig 3. it was assumed that all the aftercooler 
water was extracted through valve 9 and that 
valves 8 and 10 were shut. It was also assumed that 
the aftercooler water Injection rate was such as to 

20 result In 950^ relative humidity of the motive fluid at 
Its exit, state [28]. In the calculations presented for 

^this~cycle-wlth-evaporatlve-interGoollng-{Fig^b)-on- 

Fig. 3b It was assumed that Intercooler and 
aftercooler both saturate the air to 8OO/0 relative 

25 humidity at their outlet and that valves 8. 10, 14. and 
16 of Fig. lb were shut. For the results with surface 
Intercooling shown in Fig. 3c for this cycle of Fig. 1c. 
the intercooler was assumed 8OO/0 effective. Priority 
was gh^en to utilizing all the Intercooler hot water first 

30 in the HTE 5 through the valve 16 then to the 
aftercooler la through valve 18. If this was Insuffi- 
cient, the makeup water to the heat engine cycle was 
drawn first through the valve 9 to the aftercooler la. 
then through a vah^e 17 to the HTE 5. Valves 8 and 10 

35 were shut. Those arrangements were found most 
satisfactory for benchmark cases but the water valve 
settings need to be varied for any particular set of 
cycle parameters In order to achieve maximum 
efficiency, maximum specific power, or an optimum 

40 combination of efficiency, specific power and co- 
generated hot water or steam. 

The Cheng cycle and the present cycle both use 
waste heat to raise steam which augments the 
combustor and tublne mass flow rates without 

45 Increasing the compression work. A comparison is 
therefore in order. Fig. 3a shows the present cycle to 
offer much higher thermal efficiencies, particular at 
lower pressure ratios where the specific power is 
somewhat lower than that for the Cheng cycle. At 

50 higher pressure ratios the efficiency advantage of 
the present cycle over Cheng's diminishes but can 
be regained by Intercooling as shown in Figs. 3b and 
3c. Figs. 4 through 8 together with the following 
discussion will elucidate the reasons. 

55 Figs, 4 and 5 show the heat-recovery system 
temperature profile and key characteristics for two 8 
MW non-intercooled systems with a pressure ratio 
of 9 and a turbine inlet temperature (TTT) of 2100** F. 
Fig. 4 is for the present system and Rg. 5 for the 

60 Cheng cycle. The temperature profiles for the 
exhaust gas cooling [4]-[6A]-[5B]-[5]-[6] and the 
composite (alr/water/steam) motive fluid heating 
from states [wa] and [2B] to state [2] on Fig. 4 are in 
closer proximity than the profiles for heating water/ 

65 steam only on Fig. 5. Thus, the irreversibility of the 
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effects. For high pressure ratio cycles with com- 
pressor intercooling, however, Figs. 3b and 3c show 
the present cycle to provide considerable efficiency 
advantages over a Cheng cycle due to the increased 
difference between turbine exhaust temperature 
and compressor discharge temperature. 

Fig. 8 shows a dimenslonless measure of the 
required heat transfer capacity per unit power 
output. (UA)Ta/W, where Ta denotes reference 
ambient temperature of 518.7 degrees Rani<lne and 
W the net cycle power output. This quantity is 
plotted against TIT for the cycle examples of Fig. 6. It 
shows that as the efficiency advantage of the 
present cycle over the Cheng cycle diminishes, the 
additional heat transfer surface required Is also 
reduced. 

It is instructive to compare the performance of this 
cycle with the three types of cycle whose perfor- 
mance is shown on Fig. 3d based upon identical 
turbine technology assumptions. Comparing the 
performance of the non-intercooled examples of this 
cycle shown on Fig. 3a with the recuperated cycles 
of Fig. 3d. one sees advantages of the order of six 
percentage points in efficiency and 300/o in specific 
power. Those accrue from the greater effectiveness 
of this heat recovery system, which requires a little 
over twice the specific heat exchanger capacity 
(UATa/W) when compared to the recuperated cycle. 
The additional efficiency and specific power are likely 
to make the additional investment in the heat 
recovery system well justified. Compared to a 
combined cycle, the intercooled examples of this 
cycle shown in Figs. 3b and 3c are about 1 .5 points in 
efficiency below the best dual-pressure-boiler com- 
bined cycles and have approximately the same 
specific power. They would have essentially the 
same efficiency as singie-pressure-boiler combined 
cycles. The most efficient examples of this inter- 
cooled cycle shown on Figs. 3b and 3c have specific 
water consumption rates of about 0.5 Ib/s/MW 
(surface intercooled) and 0.75 Ib/s/MW (evapora- 
tively intercooled) and specific heat exchanger 
capacities (UATa/W) of about 7 for the toal exhaust 
heat recovery system. Those indices are both 
superior to the examples of the non-intercooled 
cycle and are likely to justify the greater complexity 
in many plants. The savings in cost over a combined 
cycle, which has additional rotating machinery and 
heat exchangers is likely to favour my cycle, 
particularly in smaller cogeneration applications. 

The present cycle allows flexible and efficient 
Integration into a cogeneration plant as seen from 
the following operating regimes: 

1. For maximum work conversion efficiency 
and no steam load, damper 7 is set in the dotted 
position shown in Figs, la, 1b and 1c resulting 
In the performance characteristics discussed 
above. 

2. For light steam loads, up to the steam flow 
rate raised, at the maximum eficiency condi- 
tion 1 above, damper 7 remains in the dotted 
position of Fig. la and the steam bleed valve is 
opened while valve 1 1 is closed. The recupera- 
tive effect on preheating the air prior to the 
combustor maintains a high work conversion 
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3. For maximum work output, albeit at 
reduced efficiency, and with no steam load, 
damper 7 is set to completely by-pass the HTR, 
thereby Increasing the steam flow rate which 
may be injected into the gas turislne for 
increased power. 

4. For maximum steam loads, albeit at 
reduced wortc output and work conversion 
efficiency, damper 7 is set to completely 
by-pass the HTR, thereby increasing the steam 
flow rate, all of whteh is bled to process and 
valve 1 1 is shut. 

5. At any steam load between zero and that of 
Mode 4 above, one has a flexible tradeoff 
between work output and work conversion 
efficiency which may be controlled by the 
position of damper 7. By-passing more exhaust 
gas around the HTR results in increased steam 
injection but decreased recuperation, giving 
more power but less efficiency, and vice versa. 

The present system thus allows additional de- 
"grees of~ffeecloffrfor variablen6ad~cogeheratidn~ 
applications over most existing gas turbine cogener- 
ation plants. In cogeneration applications where 
superheated steam is require, a separate super- 
heater 3a may be used in-parallel with the HTR such 
as shown in the variation of Fig. 9. 

Other variations and arrangements of gas turbine 
cycles embodying my principle of simultaneous, 
parallel, dual-mode heat recovery will become 
obvious to those skilled in the art, and it is intended 
to claim all those which fall within the scope of this 
invention. 
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1. Dual mode heat recovery system disposed 
In heat exchange relation with exhaust gases 
from a gas turbine plant comprising: 

a boiler fed from a feedwater supply means, the 

boiler and feedwater supply means both in heat 

exchange relation with the exhaust gases in a 

boller/feedwater supply path; 

recuperator means for conveying motive fluid in 

counterflow heat exchange relation with the 

exhaust gases In a recuperator path; 

means for mixing boiler output with the motive 

fluid before combustion; 

the boiler/feedwater supply means and the 

recuperator means comprising parallel and 

separate flow paths within the exhaust gas flow; 

and 

flow control means for apportioning the exhaust 
gas flow between the boiler/feedwater supply 
path and the recuperator path. 

2. The heat recovery system of claim 1 further 
including an evaporative aftercooler for cooling 
and increasing the mass flow rate of the motive 
fluid before entering the recuperator means. 

3. The heat recovery system of claim 1 or 
claim 2 wherein the recuperator means includes 
a first, low temperature recuperator disposed 
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a temperature close to saturation temperature 
of water at the pressure of the compressed 
motive fluid by causing it to flow in counterflow- 25 
Ing heat exchange relationship with turbine 
exhaust gases between the same temperature 
levels as those flowing in heat exchange 
relationship with the motive fluid in the recuper- 
ator means; 30 
boiler means to boll liquid water which has 
already been heated In the first and second 
economiser means by causing it to flow in heat 
exchange relationship with the turbine exhaust 
gases, before said gases have been used to 35 
effect simultaneous heat transfer in recuperator 
means and economiser means; means to 
convey and introduce steam raised in boiler 
means into superheater means in which steam 
is superheated by causing it to flow In counter- 40 
flowing heat exchange relationship with a 
portion of the turbine exhaust gases before said 
gases have been used to effect heat transfer to 
boiler means, this portion being controlled by 
flow-control means, the remaining portion of 45 
said gases being used to effect heat transfer to 
motive fluid in recuperator means, said heat 
transfer being effected simultaneously and in 
parallel between the same approximate tem- 
perature levels of said gases; 50 
recuperator means for heating the motive fluid 
by passing it in counterflow heat exchange 
relationship with the portion of turbine exhaust 
gases not used to effect heat transfer to 
superheater means and before said gases have 55 
been used to effect heat transfer to boiler 
means; 

means to convey the heated motive fluid leaving 
recuperator means as well as steam leaving 
superheater means to combustor means to 60 
raise the temperature of the mixed motive fluid; 
means to convey said motive fluid to turbine 
means to expand siad motive fluid and extract 
work therefrom; means to convey the ex- 
hausted motive fluid to flow control means to 65 
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adjustably apportion the motive fluid dis- 
charged from the turbine means into two 
streams; means to convey one stream to 
superheater means; means to convey the other 
stream to recuperator means. ( 

10. A gas-turbine power-plant cycle compris- 
ing: 

compressor means to compress motive fluid, 
typically ambient air; 

economiser means to heat liquid feedwater to a 
temperature close to saturation temperature of 
water at the pressure of the compressed motive 
fluid by causing it to flow in counterfiowing heat 
exchange relationship with the turbine exhaust 
gases; 

boiler means to boil liquid water which has 
already been heated in the economiser means 
by causing it to flow in heat exchange relation- 
ship with exhaust gases from the turbine, 
before said gases have been used to effect heat 
transfer in the economiser means; 

means to convey and introd u ce a variab le 

portion of the steam raised in the boiler means 
into the compressed motive fluid leaving the 
compresor means; means to convey the result- 
ing mixture of motive fluid to recuperator means 
for heating the motive fluid mixture by passing it 
in counterflow heat exchange relationship with 
a portion of the turbine exhaust gases, before 
said portion has been used to effect heat 
transfer to the boiler means; 
means to convey the heated mixture of motive 
fluid to combustor means to raise the tempera- 
ture of said motive fluid; menas to convey said 
motive fluid to turbine means to expand said 
motive fluid and extract work therefrom; means 
to convey the exhausted motive fluid to flow 
control means to adjustably apportion the 
exhaust motive fluid discharged from the tur- 
bine means into two streams; means to convey 
one stream directly to boiler means; means to 
convey the other stream to recuperator means. 

11. A gas-turbine power-plant cycle compris- 
ing: 

compressor means to compress motive fluid, 
typically ambient air: 

means to convey the compressed motive fluid 
to recuperator means for heating the motive 
fluid by passing it in counterflow heat exchange 
relationship with a portion of exhaust gases 
from the turbine, the remaining portion of the 
turbine exhaust gases being utilized in parallel 
to effect heat transfer in a heat recovery steam 
generator means comprising economiser 
means to heat liquid feedwater to a temperature 
close to saturation temperature of water at the 
pressure of the compressed motive fluid, boiler 
means to boil liquid water heated in the 
economiser means and superheater means to 
superheat steam raised in the boiler means; the 
heat source for said heat recovery steam 
generator being the turbine exhaust gases 
below the temperature of said gases exiting the 
recuperator means and the portion of said 
gases not used to effect parallel heat transfer to 



with the compressed motive fluid to cool it by 
evaporation and augment Its mass flow rate; 
means to convey the resulting motive fluid to 
recuperator means where the motive fluid Is 
heated to close to water saturation temperature 5 
at Its pressure by causing it to flow in 
counterfiowing heat-exchange relationship with 
exhaust gases from the gas-turbine; a portion 
of the energy of said exhaust gases between 
the same temperature levels being used simul- 10 
taneously and in parallel to heat liquid water 
flowing In counterflow heat-exchange relation- 
ship within a flrst economiser means to heat 
liquid feedwater to a temperature below that of 
the motive fluid leaving aftercooler means by 15 
causing It to flow in counterflowing heat 
exchange relationship with the turbine exhaust 
gases after said exhaust gases have flowed 
through both recuperator means and first 
economiser means ; 20 
second economiser means to heat liquid water 
discharged from the flrst economiser means to 
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the economlser by causing the water to flow In 
heat exchange relationship with the exhaust 
gases before said gases have transferred heat 
to the econonfiiser means; 

first superheater means adapted to receive 5 
steam from the boiler and to superheat said 
steam by conveying it in counterflow heat 
exchange relationship with the turbine exhaust 
gases before said gases have been utilized to 
effect heat transfer to the boiler means ; io 
second superheater means adapted to receive 
steam from the first superheater and to further 
superheat said steam by conveying it In 
counterflow heat exchange relationship with a 
portion of the turbine exhaust gases before said 75 
portion of gases has been utilized to effect heat 
transfer to the first superheater; 
recuperator means adapted to receive com- 
pressed motive fluid from the compressor and 
to heat said fluid by conveying it in counterflow 20 
heat exchange relationship with the portion of 
the turbine exhaust gases not being used to 



effect heat transfer in the second superheater 
means, and before said gases have been 
utilized to effect heat transfer to the first 25 
superheater means; 

combustor means for receiving the com- 
pressed motive fluid from the recuperator as 
well as steam from the second superheater and 
for heating the resulting composite motive fluid; 30 
turbine means for receiving the motive fluid 
from the combustor to expand said motive fluid 
and extract worl< therefrom; and 
flow control means for receiving the exhausted 
gas motive fluid discharged from the turbine 35 
and to adjustably apportion said turbine ex- 
haust gases Into two parallel streams; means to 
convey one stream to the second superheater 
means; means to convey the other stream to 
thje recuperator means, 40 

16. Gas-turbine power-plant cycle comprising: 
compressor means to compress gaseous mo- 
tive fluid, typically air; 

economiser means adapted to heat liquid 
feedwater to a temperature close to its satura- 45 
tion temperature by conveying said feedwater in 
counterflow heat exchange relationship with the 
turbine exhaust gases; 

boiler means adapted to boi! liquid water from 
the economiser by causing the water to flow in 50 
heat exchange relationship with the exhaust 
gases before said gases have transfen^ed heat 
to the economiser means; 
superheater means adapted to receive steam 
from the boiler and to superheat said steam by 55 
conveying it in counterflow heat exchange 
relationship with a portion of the turbine 
exhaust gases before said gases have been 
utilized to effect heat transfer to the boiler 
means; 60 
recuperator means adapted to receive com- 
pressed motive fluid from the compressor and 
to heat said fluid by conveying it in counterflow 
heat exchange relationship with a portion of the 
turbine exhaust gases, said portion of gases 65 



not being used to effect heat transfer to the 
superheater means and being subsequently 
utilized to effect heat transfer to the boiler 
means; 

combustor means for receiving the com- 
pressed motive fluid from the recuperator as 
well as steam from the superheater and for 
heating the resultiing composite motive fluid; 
turbine means for receiving the motive fluid 
from the combustor to expand said motive fluid 
and extract work therefrom; and 
flow control means for receiving the exhausted 
gas motive fluid discharged from the turbine 
and to adjustably apportion said turbine ex- 
haust gases into three parallel streams; means 
to convey the first stream to the superheater, 
means to convey the second stream to the 
recuperator and means to convey the third 
steram directly to the boiler. 
17. Gas-turbine power-plant cydle comprising; 
compressor means to compress gaseous mo- 
tive fluid, t y pically air; 



economiser means adapted to heat liquid 
feedwater to a temperature close to Its satura- 
tion temperature by conveying said feedwater in 
counterflow heat exchange relationship with the 
turbine exhaust gases; 

boiler means adapted to boil liquid water from 
the economiser by causing the water to flow in 
heat exchange relationship with the exhaust 
gases before said gases have transferred heat 
to the economiser means ; 
first superheater means adapted to receive 
steam from the boiler and to superheat said 
steam by conveying it in counterflow heat 
exchange relationship with the turbine exhaust 
gases before said gases have been utilized to 
effect heat transfer to the boiler means; 
second superheater means adapted to receive 
steam from the first superheater and to further 
superheat said steam by conveying it in 
counterflow heat exchange relationship with a 
portion of the turbine exhaust gases before said 
portion of gases has been utilized to effect heat 
transfer to the first superheater; 
recuperator means adapted to receive com- 
pressed motive fluid from the compressor and 
to heat said fluid by conveying it in counterflow 
heat exchange relationship with a portion of the 
turbine exhaust gases, said portion of gases 
not being used to effect heat transfer in the 
second superheater means and being subse- 
quently utilized to effect heat transfer to the first 
superheater means; 

combustor means for receiving the com- 
pressed motive fluid from the recuperator as 
well as steam from the second superheater and 
for heating and resulting composite motive 
fluid; 

turbine means for receiving the motive fluid 
from the combustor to expand said motive fluid 
and extract work therefrom ; and 
flow control means for receiving the exhausted 
gas motive fluid discharged from the turbine 
and to adjustably apportion said turbine ex- 
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SYSTEH SUmMY 

FutI (CH4) Mssf low 1.6186 Ui 
Witer pinp work* .04632 6TU/LBal 
Water coflSuflipt1ofi«.7S84 LB/S/NW 
Conprestor moHc • 121.77 BTU/LB al 
Turbine work • 281.28 BTU/LB al 
CooMng Air oassflow* 15.48 Ui 
Cycit grots Mrk- 159.46 BTU/LB al 
Cycle aross efficiency • 45.795 XLMV 
NCT ELECTRIC kH/pp$ • 163.25 
NET ELECTRIC EFFICIENCY- 44,425 3CLHV 

Coinpressor Inlet iMSsftow* 47.41 LB/S 
Last-rotor tlp-radlus- 1.52 FT 
Drive Shaft 9 8888 RPH 
GT 9ross power output" 8.0 NU. 
Net Electric output* 7.76L NU. 



Gas Turbine [4] 
Exhaust 



To 
Gaa 
Turbine 
CombuStor 



Exhaust Gas* a 
5^.5 lb/a 
22.6^ mol H^O 



I 

H.T. Pinch"f I 



L.T. Pinch 

-Stack [6] 
Aftercooler 
306 Ib/s 




Compressor 
Discharge 

40.07 Ib/s. 0.69( H,G 

r 



High Temperature 
Recuperator 

^.39 Ib/s 



Heat Exchangers I 

Heat 
Exchanger 



Heat Transfer 

BTU/S 



L.T. R/C 
H.T. R/C 
L.T. Econ. 
H.T. Econ. 
Boiler 
TOTALS 



1475.64 
10021.56 
785.51 
497.09 
2562.83 
15342.63 



(UA) 
BTU/S/deg.F 



52.35 
81.79 
7,78 
11.39 
31.74 
18S.06 



,»Low Temperature Recuperator 
'•3*^3 Ib/s 

High Temperature Economise r 
2.96 Ib/s water 



Low Temperature Economise r 
6.32 Ib/s water 



) 2000 UOOO 6000 8000 lOOOO 12000 14000 16000 

Exhaust Gas Sensible Enthalpy BTU/sec 

Heat Recovery Diagram for an Example of the Proposed Cycle Applied to an 8 MW Gas Turhl*,. 
with a pressure ratio of 9 and combustor dischai-ge tem^ratuS of 2100^. '^»r}>iim 



FIG. 4 
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